The seasonal distribution of the major components of the zooplankton community, protozooplankton, copepods and cladocerans, along a eutrophication gradient were examined in order to establish if eutrophication through increases in phytoplankton biomass and productivity has an impact on biomass and composition of the zooplankton community. Data on salinity, temperature, inorganic nutrients, chlorophyll a, phytoplankton biomass and production, protozooplankton and mesozooplankton biomass were collected during routine sampling at seven stations representing a eutrophication gradient from open to estuarine waters. Mesozooplankton biomass varied seasonally in all areas with a unimodal pattern characterized by a peak between mid-spring and mid-summer. Total mesozooplankton biomass as well as copepod and cladoceran biomass, decreased with DIN concentration. Salinity and the type of ecosystem (well-mixed shallow estuaries versus stratified open waters) were the major factors controlling the biomass proportion of copepod species. Annual production of the total copepod community as well as the total grazing impact of copepods on primary production was higher in open waters than in estuarine waters. In estuarine type ecosystems, phytoplankton production is underexploited by copepod grazing, whereas in the open type ecosystems, the phytoplankton production alone could not satisfy the carbon demand of copepods stressing the potential importance of protozoans in the copepod diet.
I N T RO D U C T I O N
Life history and composition of zooplankton communities are impacted and shaped by the physical, chemical and biological properties present in a given ecosystem. In general, fluctuations in these factors are more pronounced in coastal areas than in the open ocean. Environmental parameters and anthropogenic factors influence, directly and indirectly, the abundance and distribution of coastal zooplankton. Hence, the study of the spatial and seasonal variability of coastal zooplankton communities is important to improve our understanding of the function of coastal marine ecosystems, particularly the energy transfer of primary producers onto higher trophic levels.
Many studies have stressed the significance of the trophic relationship between phytoplankton and zooplankton in coastal and estuarine ecosystems (Viitasalo et al., 1995; Sautour et al., 1996; Tan et al., 2004) . Increases in nutrient loading enhance phytoplankton productivity and standing stocks especially the large-sized phytoplankton (Rosenberg et al., 1990; Breitburg et al., 1999) . These changes may result in better feeding conditions for the copepods (Bautista and Harris, 1992; Nejstgaard et al., 1995; Hansen et al., 2000) . In addition, increased nutrient input may cause a change in the ratio of nutrients that may alter zooplankton species diversity and succession (Park and Marshall, 2000) . Although the response of the phytoplankton community to enhanced nutrient input in marine coastal areas is generally well studied, the subsequent response of the zooplankton community is poorly known. Monitoring data have indicated that zooplankton biomass has increased in some areas although smaller copepod species seemed to replace larger species (Ciszewski, 1985; Fransz et al., 1992) . This is confirmed by monitoring data from the northern Baltic Sea documenting that increased primary production has not stimulated the production of the larger mesozooplankton species, i.e. calanoid copepods or cladocerans. The enhanced primary production was channelled to smaller species with rapid turnover, such as protozooplankton and rotifers (Viitasalo, 1992) . In marine mesocosm studies, the micro-and mesozooplankton biomass responded positively to increased nutrient input, but the responses were not linear and net growth rates for both ciliates and copepods were reduced at the highest nutrient levels (Nejstgaard et al., 1997a, b; Gismervik et al., 2002) . These results are in accordance with field studies showing increased zooplankton biomass when the euphotic zone is supplied with new nutrients (Cowles et al., 1987; Nielsen and Kiørboe, 1991) . Hitherto, quantitative relationships between eutrophication and zooplankton succession are few and not unequivocal, but indicate changes in both biomass and species composition.
Eutrophication of surface waters has been recognized as one of the most important environmental problems in Denmark. For this purpose, the Danish National Aquatic Monitoring and Assessment Program (DNAMAP) was launched in 1989 to monitor the reduction in nutrient inputs and to evaluate the ecological effects in the aquatic environment (Conley et al., 2002) . Denmark is endowed with a long coastline (7300 km) having abundant coastal and estuarine resources (Conley et al., 2000) . Estuaries and coastal areas vary greatly in salinity due to the mixing of local freshwater inputs, Baltic Sea water (salinity of 8-9) and North Sea-Skagerrak water (salinity of 32-34). Variations in nutrient levels across estuarine and coastal systems are similarly large, although not correlated with salinity due to the mixing of three water masses. Phytoplankton productivity and biomass are highly dynamic in Danish estuaries following intermittent pulses of nutrients from local sources and sediments (Carstensen et al., 2007) , whereas primary production in open stratified waters is to a large extent fuelled by regenerated nutrients (Carstensen et al., 2004) . Thus, due to the high variability of the environmental parameters, the Danish monitoring data were chosen in order to study the zooplankton community along an eutrophication gradient. Although there are many studies from these waters dealing with the nutrient dynamics and phytoplankton, the seasonal succession of the zooplankton has received less attention (Blanner, 1982; Hansen, 1991; Kiørboe and Nielsen, 1994; Nielsen and Kiørboe, 1994) .
Here, we describe the distribution and the seasonality of the major components of the zooplankton community, protozooplankton, copepods and cladocerans, along an eutrophication gradient based on data from DNAMAP, in order to address the following questions: (i) What type of plankton food web structure dominates in estuarine and open waters respectively? and (ii) Does eutrophication, through increases in phytoplankton biomass and productivity, impact the composition and the biomass of the zooplankton community in estuarine and open waters?
M E T H O D Collection and analysis of samples
Data were extracted from the database of the National Environmental Research Institute (NERI), Aarhus University in Denmark, which holds all the monitoring data of DNAMAP (http://mads.dmu.dk). Salinity, temperature, inorganic nutrients, chlorophyll a, phytoplankton composition and production, protozooplankton (ciliates and heterotrophic dinoflagellates) and mesozooplankton biomass (including nauplii) were measured during routine sampling at seven stations ( Fig.1 ; Table I ) as a collaborative effort of NERI, several Danish counties and the Swedish Hydrological and Meteorological Institute (SMHI).
The stations were selected to represent a wide range of depths and proximity to nutrient sources (estuarine and open waters), which similarly resulted in substantial variation in the physicochemical variables (Table I) . Sampling was initiated in 1989 up to 1996 at the stations 413, 925 and 444 and in 1997 up to 2002 at the stations 3702, 3708, 3727 and 170 006. The three estuarine stations (3702, 3708 and 3727) represented different basins of the large estuarine complex, the Limfjorden. The stations were visited from one to four times per month for all the years. For all parameters, the average and standard deviation for each month and year of sampling were calculated and finally monthly averages and standard deviations for all years combined were calculated.
Salinity and temperature profiles were measured by CTD casts, nutrients [dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorus (DIP)] and chlorophyll a were measured from discrete-depth water samples. Nutrient concentrations were determined using methods described by Grasshoff (Grasshoff, 1976) and chlorophyll a was estimated on GF/F filters extracted in 90% acetone and measured on a trichromatic spectrophotometer following the Lorenzen protocol (Strickland and Parsons, 1972) . Phytoplankton was collected as an integrated sample of the euphotic zone (down to 1% surface light) either combined from various discrete water samples or collected using an integrating hose. Quantification and measurements of dimensions of phytoplankton were made with an inverted microscope on Lugol-fixed samples (Utermöhl, 1958) . Phytoplankton carbon biomass was calculated from cell counts and dimension measurements assuming simple geometric shapes and using conversion factors of 0.13 and 0.11 pg C mm 3 for thecate dinoflagellates and other phytoplankton groups, respectively. Carbon contents of diatoms were corrected for lower carbon content of cell vacuoles (Edler, 1979) . Variation of chlorophyll a:carbon over the year was also calculated. Primary productivity was measured at several discrete depths (Steemann-Nielsen, 1952) and integrated over the euphotic zone to an areaspecific production.
Samples for the determination of ciliate and heterotrophic dinoflagellate (H-dinoflagellates) biomass were taken from the surface at each station and fixed in acid Lugol' solution (3% final concentration) and 50 or 100 mL were examined after 24 h sedimentation using inverted microscopy. Cell volumes were estimated assuming simple geometric shapes and converted to biomass using the general carbon to volume relationship for protist plankton (Menden-Deuer and Lessard, 2000) . Mesozooplankton samples were obtained using a submersible pump equipped with a 60 mm net lifted through the water at 10 m min 21 (Møhlenberg, 1987) . Samples were preserved in 2-3% buffered formalin. Zooplankton were classified at the phylum, class or order level. Besides copepods, we also examined the distribution of cladocerans and rotifers (only at the Limfjorden stations) since these groups are expected to respond to eutrophication. Copepods and copepodites were identified to species or genus level, while nauplii proved difficult to identify to species level and consequently were grouped together in one separate group. Copepod, cladoceran and rotifer biomass were calculated on the basis of length-carbon regressions from the literature (Klein Breteler et al., 1982; Hernroth, 1985; Kankaala and Johansen, 1986; Berggreen et al., 1988; Hay et al., 1991; Sabatini and Kiørboe, 1994; Satapoomin, 1999) . 
Copepod production and grazing
The daily production was estimated as the product of copepod biomass and the growth rate:
where P is the daily production (mg C m 23 day
21
), B is the copepod biomass (mg C m
23
) and g is the growth rate (day
21
). Estimates of copepod growth rate were obtained from the general growth model of Hirst and Bunker (Hirst and Bunker, 2003) , where the growth rate depends on temperature (T, 8C), chlorophyll a concentration (C a , mg L
) and the body weight in carbon of the copepod (BW, mg C ind.
21 ). The general equation used in the present study is:
and the factors a, b, c and d are changed according to the copepod category (adult, juvenile, broadcasters and egg carrying copepods) (Hirst and Bunker, 2003) . Annual values (g m 22 year 21 ) of phytoplankton and copepod production were computed for each station by integration of the measurements over the year. Copepod ingestion was calculated from their production assuming a gross growth efficiency of 33% (Hansen et al., 1997) .
Protozooplankton production and grazing
Protozooplankton (ciliates and H-dinoflagellates) production and grazing were estimated at all the estuarine stations and in the Aarhus Bight, while at the other open water stations these rates were estimated for the H-dinoflagellates only, as ciliate biomass was not quantified. Maximum specific daily clearance or ingestion rates were calculated from Hansen et al. (Hansen et al., 1997) where maximum clearance (C max , 10 5 h 21 ) equation (3) where P vol is the cell volume. The clearance and ingestion were adjusted to the in situ temperature by application of a Q 10 of 2.8 (Hansen et al., 1997) . Since protozoan have an overall growth yield of 0.33 (Hansen et al., 1997) , the protozoan production (P, mg C L 21 d
21
) could be estimated as:
Statistical methods
The linkage between eutrophication and zooplankton biomass was investigated by linear regression analysis of biomass of the different zooplankton functional groups versus levels of DIN and DIP as indicators of nutrient enrichment, the primary cause of eutrophication in Danish waters (Carstensen et al., 2007) . The zooplankton composition in relation to eutrophication was examined by considering the biomass proportions of zooplankton functional groups and specific genera with respect to salinity, inorganic nutrient levels and monitoring station type (O¼open waters, E¼estuarine waters) using a general linear model. The monitoring station type was included as an explanatory variable because it describes overall differences between two physical regimes, open waters with permanent stratification and estuarine waters that are mostly mixed to the bottom. Temperature varied less than 0.58C between stations and was not included. Models were selected by eliminating the least significant regression variable one at a time (backward elimination) until all regression variables were significant or at least a single regression variable remained.
R E S U LT S Environmental variables
Temperature had a typical seasonal pattern for midlatitude waters with maximum values in summer (.158C) and minimum values in winter (2-68C) (Figs 2 and 3). In the Limfjorden, salinity decreased during spring due to freshwater inputs, whereas the seasonal variation at the open water stations was influenced by patterns of mixing water masses and stratification. Salinity varied from 8 in the Arkona basin to 30 in the Central Kattegat (Table I ).
In the surface layer, DIN and DIP accumulated during the winter period and during the productive period DIN, and partly also DIP, were depleted entirely at the openwater stations and more gradually at the estuarine stations. Pulses of DIP released from the sediments during reoccurring events of summer hypoxia led to elevated DIP concentrations in July-September in the Skive Fjord (Fig. 2 ). The Skive Fjord had the highest DIN and DIP levels (23.1 + 3.9 and 1.34 + 0.4, respectively) due to its proximity to riverine inputs and the lowest levels were measured in the Arkona basin and the Kattegat for DIN and DIP, respectively (Table I; Figs 2 and 3) .
Phytoplankton biomass and production
The seasonal chlorophyll a concentration was bimodal with a peak during early spring (March) and late summer (August-September), however, with large variation in the modality between stations. Sporadic peaks were also observed throughout the year; e.g. in June for the Skive Fjord (Fig. 2) . The mean annual chlorophyll a concentration varied between 2.5 + 0.3 and 11 + 2.3 mg m 23 with the highest concentration occurring in the shallow and most nutrient rich estuary (Skive Fjord). There was also a pronounced seasonality in phytoplankton carbon biomass during the year which differed notably between the stations (Figs 2 and 3) . Similar to chlorophyll a, the highest mean annual phytoplankton biomass was found in the Skive Fjord (260 + 59 mg C m 23 ). In this study, measurements of chlorophyll a and phytoplankton biomass enabled the realistic range of Chlorophyll a:carbon ratio over the year to be estimated. At the Limfjorden stations, the ratio ranged between 1.5 and 48.7, in the Kattegat it was between 4 and 66.3 and in the Arkona Basin was found between 6.3 and 45.6. Diatoms dominated the phytoplankton community in the Limfjorden throughout most of the year, whereas dinoflagellates constituted the most important group at open water stations in late summer and autumn (Figs 2 and 3) . The mixotrophic ciliate Mesodinium spp. was found mainly in Skive Fjord and attained the highest value in June (119 mg C m 23 ) and in the Arkona basin there was a single extreme outlier of Mesodinium biomass in May (Figs 2 and 3 ). The phytoplankton production followed the seasonality of the phytoplankton biomass (Figs 2 and 3) and the mean annual primary production reached as high as 630 + 164 mg C m 23 day 21 for Skive Fjord. 
Zooplankton distribution and composition
In general, the protozooplankton (ciliates and H-dinoflagellates) biomass started to increase during spring prior to the establishment of the mesozooplankton community and when the copepod biomass started to increase, protozooplankton biomass was reduced due to the grazing pressure of copepods (Figs 2 and 3) . In all areas, this general pattern was more evident for the ciliates than for the H-dinoflagellates. Maximum values of H-dinoflagellate biomass were found during spring and autumn in the Kattegat and during summer in the Limfjorden and in the Arkona basin (Figs 2 and 3 ).
Protozooplankton decreased with the nutrient load and they showed a positive relationship with salinity and the open-type ecosystem ( Fig. 4 ; Table II ). Rotifers biomass increased mainly during spring and summer, and the highest value was found in Skive Fjord (6.5 + 1.5 mg C m
23
). Mesozooplankton biomass varied seasonally in all areas with a unimodal pattern (Figs 2 and 3) . Mesozooplankton biomass in the estuaries gradually increased from low winter values to peak in September-October before the decline in late autumn and winter (Fig. 2) , whereas the open-water stations showed the highest biomass in June -August (Fig. 3) . The mean annual mesozooplankton biomass ranged from 15 + 4 mg C m 23 (Aarhus Bight) to 102 + 28 mg C m 23 (Skive Fjord). At all stations, copepods dominated the mesozooplankton community averaging 69% of the total biomass (range: 46-86%). In Løgstør Broad and Skive Fjord, maximum values were found during autumn (September-October), whereas in Nissum Broad high copepod biomass was also observed during summer (July) (Fig.2) . The highest copepod biomass was found in Skive Fjord (178 + 80 mg C m
). Cladocerans reached maximum values during summer (June-July) at all stations in the Limfjorden (Fig. 2) . The highest value was found in Skive Fjord (82 + 38 mg C m 23 ). The biomass of copepod nauplii was measured only at the Limfjorden stations (Fig. 2) . Nauplii increased from May until they reached maximum values during September-October, a consistent pattern observed for all areas. Mean annual nauplii biomass ranged from 22 + 9 mg C m 23 (Løgstør Broad) to 40.4 + 18 mg C m 23 (Skive Fjord). In the Kattegat, the copepod biomass reached a high level in May and copepods attained their maximum biomass during summer (from 22 + 4 to 34+ 10 mg C m
). In spring, copepod biomass increased approximately 2 months after the beginning of the spring bloom, whereas during summer the copepod biomass coincided with the summer phytoplankton bloom (Fig. 3) . Cladocerans increased from June and reached maximum values during August-September. In the Arkona Basin, copepod biomass peaked in June, 1 month after the phytoplankton bloom in this area and cladocerans reached their highest biomass during August (29 + 12 mg C m 23 ). Copepods, cladocerans and total mesozooplankton all had negative relationship with DIN. However, copepods and total mesozooplankton had a positive relationship with DIP (Fig. 4) .
The year-to-year variation of the seasonal succession of the zooplankton community was similar to the overall general seasonal pattern described above, although the different zooplankton groups exhibited variability in their biomass during the study period (Figs 5 and 6 ). The most unusual situation was observed in Limfjorden in 1999 during summer and autumn when mesozooplankton biomass was very low compared to other years. Moreover, in the Arkona Basin during summer of 1992, high cladoceran biomass was observed, actually contributing more than copepods to the total mesozooplankton biomass.
The species distribution along the eutrophication and salinity gradient revealed a strong spatial and seasonal pattern (Fig. 7) . Seven genera/species, which on average constituted ca. 80% of the copepodite and adult copepod biomass, were identified. Acartia spp. and Oithona similis dominated the copepod community at the more nutrient-rich stations in the Limfjorden. Acartia spp. contributed significantly to the copepod community during spring and summer and Oithona similis formed a peak during autumn (Løgstør Broad and Nissum Broad) or during winter (Skive Fjord). In the Kattegat, Pseudocalanus minutus and Centropages spp. contributed more to the biomass than the other copepod species. These species were present throughout the year but their contribution to the total biomass increased during winter and spring. In the Arkona Basin, Acartia spp. and Temora longicornis were predominant throughout the year. The biomass of calanoids decreased significantly when DIN increased, whereas the biomass of cyclopoids increased significantly with the DIP concentrations (Fig. 4) . Therefore, the response of the copepod species to nutrient enrichment was apparently weak and confounded with salinity which seems to be the governing factor for the species-specific distribution of copepods in these open and estuarine waters (Table II) .
Grazing impact and production
As expected from the growth rate model used to calculate production, the seasonal variation in production followed the biomass pattern with high rates during summer and low rates during winter and early spring. The calanoid production increased at the end of spring and during summer and was most pronounced at the open-water stations. Cyclopoid production was higher in autumn and in winter, most pronounced at the estuarine stations (Fig. 8) . Protozooplankton production was higher at the end of spring until late summer at the estuarine stations, whereas in the open-water stations it was higher during late spring and late summer. Similar seasonal variation was observed for ciliates and H-dinoflagellates (Fig. 8 ).
Annual production of the total copepod community was higher at the open-water stations than at the estuarine stations, and ranged between 8 g m 22 year 21 in Løgstør Broad and 78 g m 22 year 21 in the Arkona Basin (Table III) . Annual production of the cyclopoids was low in all areas ranging from 0.04 g m 22 year 21 (Arkona Basin) to 1.4 g m 22 year 21 (Central Kattegat). Total grazing impact of copepods on the annual primary production ranged between 16 (Skive Fjord) and .100% at 
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the open water stations in the Kattegat and in the Arkona Basin. The grazing impact of cyclopoids on phytoplankton production varied from 0.07 (Arkona Basin) to 4% (Central Kattegat). At the estuarine stations, the protozooplankton grazing impact on phytoplankton production was lower than that of copepods and only in the Skive Fjord was equal (16%). For open-water stations, the total protozooplankton grazing impact was calculated only in the Aarhus Bight (7%), whereas at the other stations, where only H-dinoflagellates data were available, the grazing impact was $14% in Kattegat and 1% in the Arkona Basin (Table III) .
D I S C U S S I O N Seasonal variation of the different plankton components
The overall seasonal patterns in nutrient concentrations and plankton composition reported here correspond to what has generally been observed for temperate marine ecosystems. In open waters, the phytoplankton community is generally nitrogen limited, while the estuarine areas may display DIP limitation during spring switching to DIN limitation during summer (Conley, 1999) . Nutrient export from the estuaries to the open waters during summer is low and largely intercepted in the coastal zone such that summer production in the open waters is based on regenerated nutrients and atmospheric deposition (Carstensen et al., 2004) . All stations (except the Arkona Basin and Skive Fjord) had a second bloom period during summer in addition to the spring phytoplankton bloom. The presence of this summer phytoplankton bloom in the Kattegat and in the shallow Danish estuaries has already been investigated (Carstensen et al., 2004; Carstensen et al., 2007) . Across the systems investigated, the biomass of H-dinoflagellates and ciliates reached a seasonal peak just after the termination of the spring bloom as documented for other temperate ecosystems (Hansen, 1991; Nielsen et al., 1993; Nielsen and Kiørboe, 1994) . It is interesting to note that the mixotrophic ciliate Mesodinium spp. was found in high concentrations in the Skive Fjord. This species can occur under a wide range of environmental conditions (e.g. Perriss et al., 1995; Crawford et al., 1997) and high biomass of Mesodinium rubrum is reported at sites with low turbulent mixing (Sagert et al., 2005) . Rotifers were found only at the estuarine stations occurring in low abundance over all the seasons with a peak in spring and summer. This has also been observed in the Gulf of Finland (Viitasalo, 1992) and in northern Baltic Sea (Johansson, 1983) .
The establishment of the copepod community from the low winter population and resting eggs (Katajisto et al., 1998) , increasing during the spring until the seasonal peak is reached in mid-summer and autumn, has been documented for other temperate coastal and estuarine environments (Mallin, 1991; Kiørboe and Nielsen, 1994; Gaughan and Potter, 1995) . Cladocerans were more abundant in the areas surveyed during summer and autumn. The assessment of the biotic and abiotic factors (i.e. temperature, salinity, food availability and predation pressure) that may influence the distribution and population dynamics of the cladoceran species has been the subject of field studies in several coastal regions (e.g. Aegean Sea, Christou and Stergiou, 1998 ; Gulf of Trieste, Lipej et al., 1997; southern China, Tang et al., 1995; southern Japan Sea, Onbe and Ikeda, 1995) . Our results suggest that the proportion of cladocerans could decline with salinity, whereas nutrient levels and physical mixing regime were not found to be important (Table II) . Water temperature has been considered a pivotal factor in cladoceran population dynamics, and as recently suggested, a possible cause for the increasing prevalence of Penlia avirostris in the North Sea (Johns et al., 2005) and Danish coastal waters (Andersen and Nielsen, 2003) , but the range of temperature in the present study was too small to assess this.
The seasonal variation of the zooplankton community between years was not substantial. Exceptional deviations from the general pattern, like the low mesozooplankton biomass in Limfjorden in 1992, could potentially be explained by other factors not regularly monitored. For instance, the abundance of A. aurita medusae was low in Limfjorden in the period from 1996 to 1998, whereas an increase in abundance was recorded in the spring of 1999 (Bio/consult, 2001) , and the high abundance may have exerted a large predation pressure on mesozooplankton. The high contribution of cladocerans during summer in the Arkona Basin in 1992 could be due to the fact that this group is extremely patchy, grows fast and the duration of these peaks is very short, requiring very frequent sampling if population dynamics are to be investigated.
The species-specific seasonal cycle is similar to patterns observed in other northern temperate and estuarine regions Vieira et al., 2003; Kemp et al., 2005) . In the present study, smaller species (Acartia spp. and Oithona similis) dominated in estuarine and shallow near-shore areas, and in open waters small species still predominated but larger species (Centropages spp., Pseudocalanus spp. and Temora longicornis) were also abundant. The dominance of these species and the absence of Calanus spp. signify a clear difference compared to the deeper more oceanic areas where Calanus spp. overwinters and ascends to the surface layers in connection with the spring bloom (Hirche, 1996) .
The seasonal pattern in copepod production appeared to follow biomass variations and it is consistent with other studies (Kiørboe, 1991) . Although the production rates were calculated using the growth rate model of Hirst and Bunker (Hirst and Bunker, 2003) , our production estimates are comparable to other temperate coastal ecosystems (Nielsen et al., 1993; Kiørboe and Nielsen, 1994; Nielsen and Munk, 1998; Nielsen and Andersen, 2002) and estuaries (Leandro et al., 2007) where zooplankton sampling was performed with mesh size ,100 mm. It is interesting to note that sometimes copepod production was higher at the open water stations, although the biomass was higher than in the estuary (Fig. 8) . The growth rate model used (Hirst and Bunker, 2003) is based on easily measurable parameters such as temperature, body weight and food concentration. In both estuaries and open waters, temperature was similar but the chlorophyll a concentration, the variability of chlorophyll a:C ratios and the differences in dominant copepod species might explain the calculated result. Also, it is important to stress that the copepod production was integrated for the whole water column and since the open water stations are deeper than the estuarine stations, the depth integrated copepod production was higher at the open water stations (Table III) .
The cyclopoid production was higher than the calanoid production during autumn, although calanoids constituted most of the mesozooplankton population during summer (Fig. 7) . Oithona similis, the main cyclopoid copepod in this study, is an egg-sac spawner that has a lower egg production rate than broadcast spawners, and it may require a longer period to respond to fertilization and subsequent food supply . However, unlike free-spawning calanoids that show very strong seasonal signals in population abundance and reproduction rate, Oithona spp has been reported to maintain almost constant weight-specific egg production year round and relatively high abundances in winter when other copepods decline (Nielsen and Sabatini, 1996) . It has been argued that such differences in seasonality are related mainly to the relationship between fecundity and food availability .
Response of the zooplankton biomass to increased nutrient level Protozooplankton (ciliates and H-dinoflagellates) biomass did not show any response to the enhanced nutrients (Fig. 4) . Mesocosm experiments have shown that ciliates have very rapid responses to increased food availability (Nejstgaard et al., 1997a, b) . The response is short-lived and the ciliate populations tend to disappear as fast as they appear mainly because of the predation pressure from the growing copepod population. Also, field studies have shown that ciliate populations are frequently predator-controlled, but may form blooms when copepods are scarce and/or their feeding is saturated during the spring bloom . In this study, protozoan biomass was lower than the copepod biomass at the most nutrient-rich estuarine stations, whereas an opposite relation was observed at the open-water stations. Also, the relative biomass of this group showed a positive relationship with salinity and the open-type ecosystem (Table II) . The very few studies on the influence of salinity on the distribution of marine protozooplankton have shown that the number of ciliate taxa decreased significantly with the salinity gradient (Elloumi et al., 2006) .
In this study, total mesozooplankton biomass as well as copepod and cladoceran biomass, decreased with DIN, while mesozooplankton and copepods increased with the DIP load (Fig. 4) . Regardless of the low R 2 values in the above trends, these results indicate that high DIN concentrations, corresponding with low phytoplankton biomass and production, may not support high mesozooplankton biomass. The positive trend line between DIP and mesozooplankton is driven by high DIP concentrations and mesozooplankton in Skive Fjord during summer. Periodic events of hypoxia in Skive Fjord alleviate benthic grazing pressure, release large amount of DIP from the sediments and stimulate algal blooms (Carstensen et al., 2007) , and these mechanisms may favour the mesozooplankton community. Results from mesocosm experiments and field studies have shown increased biomass of zooplankters following short-term perturbations supplying new nutrients to the euphotic zone (Cowles et al., 1987; Nielsen and Kiørboe, 1991) . Field studies also suggest that there is a coupling between increased phytoplankton biomass and copepod production . Although opposite correlations of zooplankton abundance with DIN (decrease) and DIP (increase) have been reported for the highly eutrophic tributaries of Chesapeake Bay (Park and Marshall, 2000) , such relationships are not evident for most of the Chesapeake Bay itself (Kimmel and Roman, 2004) or for other shallow estuaries (Lawrence et al., 2004) .
The composition of the copepod community did not respond to changing nutrient levels while salinity and the type of ecosystem seem to control the relative importance of specific species (Table II) . The egg-carrying strategy of Oithona may represent an advantage in comparison to broadcast-spawning species in estuarine waters. Most of the calanoids release their eggs into the water and they often sink to the bottom where they lie until hatching. These eggs may constitute a supply of food for the benthic suspension feeders and thus the recruitment of calanoids can decrease (Jonsson et al., 2009 ). Blue mussels are widespread in Danish estuaries, and play a major regulatory role for the plankton, including copepod eggs (Møhlenberg, 1999; Jonsson et al., 2009) . The role of benthic suspension feeders as zooplankton predators in the Limfjorden has recently been investigated and modelled . These studies showed that the ability of copepods to avoid predation from filter feeders increases with their body size and escape capability and decreases with turbulence. Also, the same authors found that there was a statistically significantly lower abundance of ciliates and H-dinoflagellates above mussel beds. Protozooplankton and bivalve larvae seemed more vulnerable to predation than either trochophores or copepods. Besides, Oithona successfully occurs in this competitive environment because it has a wide range of diets and can exploit different food sources (motile to non-motile prey, coprophagy) compared to other calanoid species (Gonzalez and Smetacek, 1994; Atkinson, 1996; Nakamura and Turner, 1997) .
Among the copepod taxa studied, Temora longicornis and Acartia spp. were found to relate negatively only with the salinity (Table II) . These species were found in high abundances all year round in the Arkona Basin. Temora longicornis is a well-known ubiquitous species found in high salinity waters as well as in low salinity ($10) estuaries (Seuront and Van Rijswijk, 2001 ). In addition to the Arkona Basin, Acartia spp. is the dominant copepod species in the Limfjorden estuary occurring between April and September. This genus has been described as an opportunistic genus inhabiting brackish ecosystems where conditions are highly variable, temperature is elevated and hypoxia occurs (Roman et al., 1993) . Also, in other estuaries, its seasonal peak was usually observed in spring and summer (e.g. Gironde esuary, Irigoien and Castel, 1995; Westerschelde Estuary, Soetaert and Van Rijswijk, 1993; Ems Estuary, Baretta and Malschaert, 1988) . The different peaks throughout the year were probably due to the presence of several species of the genus Acartia (A. clausi, A. discaudata, A. bifilosa and A. tonsa) which were not regularly enumerated in this study, as well as that repopulation occurs through the hatching of dormant eggs from the sediment, a phenomenon frequently observed in the genus (Viitasalo, 1992) .
Classical chain or microbial loop?
The traditional focus on a simple grazing food chain from large phytoplankton cells via copepods to fish has been replaced by the concept of a pelagic food web with several alternative pathways of energy and material flow, where small autotrophs and microheterotrophs have strong implications for energy flux and nutrient cycling. In a plankton model with two parallel food chains, increased nutrient supply could lead to a shift from dominance of a four-level chain (small algae!ciliates!copepod!fish) to a shorter three-level chain (large algae!copepods!fish); a prediction that fits with general knowledge of plankton community structure in oligotrophic and eutrophic marine areas (Thingstad and Sakshaug, 1990) .
It is difficult to compare grazing impact studies conducted in different estuarine and open waters because of the different techniques and methodologies employed. However, our results are in good agreement with other studies, confirming that in coastal regions, although variable, copepods generally consume less ) and copepod grazing impact on PP in different open and estuarine areas than 50% of the daily phytoplankton production and in some cases the grazing impact of copepods exceeds the daily primary production (Table IV) .
There is a growing consensus in the literature that protozooplankton are able to consume a substantial amount of phytoplankton, especially in near-shore environments and that their consumption may at times exceed that of the larger zooplankton (Gifford and Dagg, 1991; Dagg, 1995; Calbet and Saiz, 2005) . H-dinoflagellates are known to ingest diatom chains (Hansen, 1991) , ciliates on the other hand rely on nanoplankton and smaller diatoms (Pierce and Turner, 1992) . Thus, the larger protozoans compete with the copepods for diatom prey and increase the direct grazing impact on the phytoplankton. Our estimations showed that copepods are more important grazers of phytoplankton production in both ecosystem types and the grazing impact of protozooplankton was lower compared to other open (Maar et al., 2002 (Maar et al., , 2004 and estuarine waters (Froneman and McQuaid, 1997) .
In conclusion, the present analysis has shown that the type of ecosystem and the nutrient levels impact the distribution pattern and the seasonal succession of the different planktonic components. In estuarine-type ecosystems, phytoplankton production is underexploited by copepod grazing and most of the enhanced phytoplankton production passes through other pathways (microbial loop) or sediments to the bottom. The protozooplankton and copepods both played significant roles in the carbon cycling and the fate of primary production in these ecosystems. In addition, Nielsen and Maar found that the mussel population in estuarine areas regulates the pelagic food web by performing both bottom-up and top-down control. In the open water, the available phytoplankton production could not cover the carbon demand of copepods since they consumed more than 100% of the primary production stressing the importance of protozoans as copepod diet.
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